Background: We report a case of reversal of an acute corneal graft rejection following multiquadrant subtenon triamcinolone injection. Case Presentation: A 19-year-old woman who had acute corneal graft rejection failed to show resolution of the graft rejection after standard treatment with systemic, intravenous, and topical steroids. The graft rejection, however, responded to injection of triamcinolone in multiple subtenon quadrants. Conclusions: For corneal graft rejection, multiquadrant subtenon triamcinolone injections may be a safe adjunct to systemic treatment.
Background
Immunological rejection of donor graft is the main cause of corneal transplant failure. The reported incidence of corneal graft rejection in different studies varies from 2.3 to 68% [1, 2] . Overall, 30% of patients receiving transplanted corneas experience at least one episode of immune rejection, and about 5-7% of these episodes lead to eventual graft failure [3] [4] [5] . Here we describe a case of acute corneal graft rejection that was successfully reversed by subtenon injection of triamcinolone in multiple quadrants.
Case Presentation
The patient was a 19-year-old African American woman who underwent uncomplicated full-thickness-penetrating keratoplasty in her right eye (OD) for advanced keratoconus. One week after surgery, she sustained a blunt trauma to OD that resulted in graft dehiscence from 3 to 5 o'clock, which was repaired surgically. Postoperatively, she received a topical steroid (prednisolone) 4 times a day tapered to 3 times a day at 3 months. Four months after surgery, her uncorrected vision was 20/60 in OD, with 6 dpt of against-the-rule astigmatism. Two corneal sutures were removed with the guidance of topography. Four days later, the patient presented with redness, irritation, and sudden decrease in vision in OD to count fingers at 2 feet with intraocular pressure (IOP) of 11 mm Hg. Corneal examination showed diffuse haziness with stromal edema, Descemet membrane folds, and an incomplete Khodadoust line ( Fig. 1) . A diagnosis of acute corneal rejection was made. Intravenous pulse methylprednisolone (Solu-Medrol), 1 g daily for 3 days, was initiated, in addition to an hourly topical steroid (prednisolone). At 3 days after initiation of treatment, the patient was seen to have progression of the Khodadoust line and no improvement in graft rejection. At that point, a 1-mL subtenon injection of 40 mg/mL of triamcinolone was placed in the superotemporal quadrant. The patient was asked to continue topical steroid drops and was started on oral prednisone, 60 mg/day. Seen a week later, she showed improvement in vision to 20/80 in OD, although it was fuzzy according to the patient. There was a remarkable clearance of corneal edema and improved clarity in the superior half of the graft, with the inferior half remaining hazy (Fig. 2 ). IOP was 16 mm Hg. The patient was observed for another week with no further improvement. On the basis of the response to the initial subtenon triamcinolone injection, she received additional injections of 0.5 mL of triamcinolone (40 mg/mL) in the inferonasal and inferotemporal quadrants. Four days later, the corneal graft rejection had completely resolved, with no keratic precipitates and with complete resolution of corneal edema and haze ( Fig. 3 ). Her vision improved to 20/50, and IOP remained stable at 14 mm Hg. Topical prednisolone was decreased to 8 times a day for 2 weeks and subsequently to 4 times a day. Oral prednisone was tapered to stop. At her last follow-up, 5 months after the injections, the corneal graft remained clear.
Discussion and Conclusions
Corneal graft rejection can present with sudden decline in vision, corneal edema, corneal haze, and keratic precipitates [6, 7] . The rate of reversibility after acute corneal rejection ranges from 50 to 94%, depending on time between onset and treatment, previous rejection episodes, graft size, and graft vascularity, among other factors [8] .
Corticosteroids, administered through topical, periocular, oral, or intravenous routes, remain the mainstay of treatment for corneal graft rejection [1] . Intravenous pulse methylprednisolone (500-1,000 mg for 3 days) has been thought to reset the immune system and may be associated with superior graft survival when administered within the first week of the rejection episode [9] . Subconjunctival or posterior subtenon triamcinolone injections, along with topical steroids, have been considered valid alternatives in the treatment of endothelial rejection [10] . In this case, after no improvement in the signs of graft rejection was noted with intravenous pulse methylprednisolone treatment, in addition to an hourly topical steroid, a subtenon triamcinolone injection in the superotemporal quadrant produced significant clearing in the superior half of the cornea on follow-up 1 week later. With no further improvement after another week of observation, subtenon injections of triamcinolone were given in the inferonasal and the inferotemporal quadrants, with clearing of the inferior half of the cornea 3 days later and complete resolution of all signs of endothelial rejection.
Various animal studies have shown that subtenon and subconjunctival steroid injections lead to diffusion of the drug both anteriorly into the aqueous and posteriorly into the vitreous [11] [12] [13] . Triamcinolone injected in the subtenon space can reach the intraocular structures within 3 h, with the highest concentrations found in the retinal pigment epithelium/choroid followed by the retina, and to a much lesser extent in the vitreous and anterior chamber [11] [12] [13] . Given that the mechanism of corneal graft rejection involves effector cells from the perilimbal circulation, the effect of subtenon triamcinolone in suppressing corneal graft rejection is likely due to its superficial diffusion to the perilimbal space rather than to its intraocular penetration (the anterior chamber has the lowest concentration). In our patient, the rapid resolution of the signs of corneal rejection closer to the injection site, with persistence of these signs opposite the injection site, supports this hypothesis. Subsequent resolution of signs of rejection close to the second injection site strengthens our observation. This case suggests that if the same dose of subtenon steroid is divided and injected into different quadrants, the short diffusion distance may engage the immune cells equally in all quadrants and give the graft a fair chance of survival. In conclusion, for corneal graft rejection, administration of triamcinolone in small amounts in multiple quadrants around the cornea may be a safe and effective way of controlling rejection. This is a single observational case, and further studies are warranted. 
